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[Patent Attorney] 

(57) [Abstract] 

[Constitution] Supplying developer from nozzle 6 for develop 
er supply vis-a-vis wafer 2where photoresist coating where 
selective exposure is administered was formed, youdeveloped 
said photoresist coating rear, Supplying pure water of ambient 
temperature from nozzle 7 for pure water supply ofthe ambient 
temperature, you wash developer, Supplying any of liquid wher 
surface tension is low in comparisonwith, pure water of 
ambient temperature such as hot pure water and organic 
solvent which areheated to high temperature in comparison 
with pure water and ambient temperature which add surfactant 
from nozzle 8 for final rinse liquid supply after surface tension 
ofthe rinse liquid on wafer 2 decreasing, it does spin drying, 
forms desired resist * pattern. 

[Effect(s)] Patterning is possible photoresist coating to fine wi 
thout generating thecollapse phenomenon in resist * pattern. 
Because of this, reliability of fine pattern formation due to 
excimer laser * lithography greatly itbecomes possible to 
improve, also it becomes possible to assure thefurther trend to 
high integration of semiconductor device. 
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[Claim(s)] 
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[Claim 1] Developing step which supplies developer vis-a-vis ■ 
afer where photoresist coatingwhere selective exposure is 
administered was formed, develops said photoresist coating anc 

Rinse step which removes aforementioned developer by using fi 
nal rinse hquidwhere surface tension is low in comparison with 
pure water of ambient temperature atleast with final step of 
rinse. 

Passing with by drying process which dries aforementioned waf 
r, thepattern formation method which forms desired resist * 
pattern. 

[Claim 2] As for aforementioned final rinse liquid, from middl 
of aforementionedrinse step pattern formation method which 
is stated in Claim 1 which designates that thepure water of 
ambient temperature it is jointly used as feature. 

[Claim 3] As for aforementioned final rinse liquid, pattern for 
mation method which is stated in theClaim 1 or Claim 2 which 
designates that it is used with alone in final step ofthe 
aforementioned rinse step as feature. 

[Claim 4] As for aforementioned final rinse liquid, pattern for 
mation method which is stated in theClaim 1 which designates 
that it is used via whole of theaforementioned rinse step as 
feature. 

[Claim 5] As for aforementioned final rinse liquid, pattern for 
mation method which is stated in theany one claim of Claim 1 
through Claim 4 which designates that it is a hot pure water 
which is heatedto high temperature in comparison with ambiem 
temperature as feature. 

[Claim 6] As for aforementioned final rinse liquid, pattern for 
mation method which is stated in theany one claim of Claim 1 
through Claim 4 which designates that it is a pure water which 
adds the surfactant as feature. 

[Claim 7] As for aforementioned final rinse liquid, pattern for 
mation method which is stated in theany one claim of Claim 1 
through Claim 4 which designates that it is a organic solvent as 
feature. 

[Claim 8] As for aforementioned final rinse liquid, vapor of co 
mpound which givesthe minimum boiling point in mixing 
system of pure water and pure water layer which is kepton 
wafer pattern formation method which is stated in Claim 1 
which designatesthat it is a mixed solution which is 
manufactured on said wafer under gas phase - liquid phase 
equilibriumwhich is formed by contacting as feature. 
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[Description of the, Invention] 



[OOOI] [0001] 



[Field of Industrial Application] This invention after developing 
photoresist coating, washing, is something regardingthe pattern 
formation method which forms desired resist * pattern is 
something in order precision wellto form microscopic resist * 
pattern especially, in production step of semiconductor device. 
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[0002] 

[Prior Art] Regarding semiconductor device, data degree of inte 
ration rises following, from and it hasreached point where 
microscopic pattern is required, circuit pattern of microscopic 
minimum fabricated dimension concretely, with 4 MDRAM 
with 0.50 m andthe 64 MDRAM with 0.35 m and 256 
MDRAM such as 0.25 m with the0.80 m and 16 MDRAM 
is needed. 

[0003] In order and, to do this kind of microscopic processing, 
with photolithography step, thetrend to short wavelengths of 
exposure light which is used and research of photoresist 
material areadvanced, have increased result. 

[0004] Furthermore, also technology that is utilized in order to 
improve theweakness of adhesion of representative phenol 
novolak-based resin and substrate as base resin of thephotoresist 
material an above-mentioned way, hydrophobic treatment does 
substrate surface with hexamethyl disilazane (HMDS). It is 
something which intends fact that as for this, when 
thehydrophobic photoresist coating is formed on hydrophilic 
group sheet, resist * pattern collapses with development 
andthe washing, to peel off damages easily, hydrophobicizing 
does the substrate surface beforehand and raises adhesion of 
photoresist coating. 

[0005] Like above, microfabrication of 0.25 m extent which 
corresponds to 256 MDRAM dueto fact that various 
technology is applied, is becoming possible. 

[0006] 

{Problems to be Solved by the Invention] Again but, collapse pi 
enomenon of resist * pattern becomes problem in afterthe 256 
MDRAM, namely pattern formation of 0.25 m or less. 

[0007] Collapse phenomenon of resist * pattern, when drying ri 
nse liquid between the resist * pattern, when surface tension is 
cause, is announced to micro process * conference , lecture 
number A - 3 - 4, 1993 July. Namely, when pure water of 
ambient temperature where surface tension is very high asthe 
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rinse liquid is used, as shown in Figure 3, when drying, when p 
water 32of this ambient temperature moves between resist * 
pattern 31 on substrate 30 to a direction,the attraction whose b 
direction is strong between resist * pattern 3 1 occurs. Because 
of this, when pure water 32 of ambient temperature is removed 
as shown inthe Figure 4, resist * pattern 3 1 collapses. Because 
it is thought, that and, attraction which it occurs between the 
resist * pattern 3 1 is proportionate to surface tension of rinse 
liquid, inversely proportional does inthe pattern spacing 
pattern collapse of extent and resist * pattern which 
narrowingare done becomes easy to occur. 

[0008] When this invention, considering to this conventional a 
ctual condition, issomething which is proposed, further 
microscopic resist * pattern is formed even, itdesignates that 
pattern formation method which can control collapse 
phenomenon isoffered as objective then. 

[0009] . 

[Means to Solve the Problems] Relates to this invention as for 
pattern formation method which, It is something which is 
proposed in order to achieve theabove-mentioned objective, 
rinse step which removes aforementioneddeveloper by using . 
final rinse liquid where surface tension is low in comparison wit 
thepure water of developing step and ambient temperature 
which supply developer vis-a-vis thewafer where photoresist 
coating where selective exposure is administered was formed, 
develop said photoresist coating at least with final step of rinse. 
Passing with by drying process which dries aforementioned 
wafer, it issomething which forms desired resist * pattern. 

[0010] Developer most washable cleaning liquid is pure water ii 
effective, but pure water ofthe ambient temperature surface 
tension is very large. Then, regarding to this invention, it is 
something which at least it triesto decrease surface tension of 
rinse liquid which exists on wafer by usingthe final rinse liquid 
where surface tension is low in comparison with pure water of 
theambient temperature, in final step of rinse. 

[001 1] In this, to initial stage of rinse step making use of pure 
water of theambient temperature as rinse liquid, after that 
method of changing to thefinal rinse liquid from pure water of 
ambient temperature. From middle of rinse step to final step 
of said rinse method ofcontinuing to jointly use with pure water 
and final rinse liquid of ambient temperature. After jointly us in; 
pure water and final rinse liquid of constant time ambient 
temperature from themiddle of rinse step, stopping supply of 
pure water of ambient temperature,with final step of rinse step 
you can list method which uses' thefinal rinse liquid with alone. 
In addition, if it is possible, to wash developer in fully, it 
ispossible to jointly use pure water and final rinse liquid of 
ambient temperature via thewhole of rinse step it is possible to 
use final rinse liquid with alone and, via whole of rinse step. 
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[0012] As final rinse liquid, surface tension is low in compariso) 
with pure water of the ambient temperature, pure water which 
adds hot pure water and surfactant which are heatedto 
temperature where those where compatibility of pure water of 
this ambient temperature ishigh are desirable, are high in 
comparison with ambient temperature and thevarious organic 
solvent etc which possesses compatibility of pure water are 
usable. 

[0013] It decreases surface tension of hot pure water which is he 
ated to 90 °Cvis-a-vis surface tension of pure water in for 
example ambient temperature (23 °C) being 72.3 dynes/cm, to 
the60.7 dynes/cm. In addition, as for pure water which adds 
surfactant, greatly it ispossible with types and concentration of 
surfactant to decrease thesurface tension. In addition, surface 
tension of for example ethyl alcohol is 24.1 dynes/cm 
regarding organic solvent,the ethyl alcohol is alone and when 
spin drying was done vis-a-vis waferwhich is kept, it is expecte 
that also collapse of resist * pattern of the minimum fabricated 
dimension 0.1 2 m extent can be controled. Furthermore , 
methyl alcohol , isopropyl alcohol , dimethylformamide , 
tetrahydrofuran andthe dimethyl sulfoxide etc are usable in 
addition to ethyl alcohol. 

[0014] Furthermore, when final rinse liquid is used above-menti 
oned way, if afterthe rinse step, with drying method of prior 
public knowledge such as spin drying it should have dried. 

[0015] In addition, making use of mixed solution which is mam 
factured on thesaid wafer under gas phase - liquid phase 
equilibrium which is formed by contacting with vapor ofthe 
compound which gives minimum boiling point as final rinse 
liquid, in mixing system of the pure water and pure water layer 
which is kept on wafer it is good. In this case if wafer is heated 
above azeotropic boiling point, it is notnecessary to do spin 
drying. After concretely, after developing, with pure water 
washing developerin fully, supplying vapor of compound which 
gives minim um' boiling pointin mixing system of pure water, 
heating wafer to temperature which islower than 100 °C by 
manufacturing mixed solution under gas phase - liquid phase 
equilibrium, themoisture on wafer it is something which it can 
evaporate. Furthermore , applying lamp-heated to heating 
wafer, it isideal. 

[0016] Furthermore, you can list methyl alcohol , ethyl alcoh 
ol and isopropyl alcohol etc asthe compound which gives 
minimum boiling point in mixing system of pure water, ethyl 
alcohol of boiling point 78.3 °C, under atmospheric pressure, 
shows minimum boiling point of 78. 1 5 °Cw.ith ethyl alcohol 
89.43 mol% in mixing system of pure water, isopropyl 
alcohol of boiling point 82.4 °C,under atmospheric pressure, 
shows minimum boiling point 8 0. 1 °C with isopropyl alcohol 
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91.32 voI% in mixed solution of the pure water. Furthermore 
said mixed solution it becomes possible with lowesttemperature 
(azeotropic boiling point) to evaporate, by in order to become 
composition of azeotrope,manufacturing mixed solution, but 
regarding to this invention, always, it doesnot manufacture 
mixed solution in composition of azeotrope if also and, a 
vaporizable it should have been. In addition, above-mentionec 
mixed solution it is possible toevaporate more with low 
temperature by designating atmosphere as vacuum. 

[0017] By way, applying this invention, constitution of wafer 
where thepattem is formed is not something which is limited, 
for example photoresist coating may constitute from novolak- 
based positive type photoresist material which contains azido 
or other sensitizerand, it is possible to be a positive type 2- 
component system or other chemically amplifying resist 
material which consists of alkali soluble resin , photo acid 
generator whichprotects positive type 3-component system 
and phenolic hydroxyl group which consist of alkali soluble 
resin , dissolution-preventing agent , photo acid generator. 

[0018] 

[Work or Operations of the Invention] When this invention is 
applied, you can control collapse phenomenon of theresist * 
pattern in drying process. Because this with time point where 
rinse step ends, because surface tension ofthe rinse liquid which 
is kept on wafer becomes small, when drying canhold down 
attraction which occurs small. 

[0019] Especially, when it evaporates mixed solution of vapor 
of compoundwhich gives minimum boiling point in mixing 
system of pure water and pure water on thewafer with heating 
wafer, because spin drying is not needed, thepure water on 
wafer does not move between resist * pattern for most part,does 
not generate attraction due to surface tension between pattern 
for themost part 

[0020] Therefore, applying this invention, when it does rinse s 
tep and drying processafter developing, microscopic resist * 
pattern it reaches point where it can do theetching or other 
next step which designates this resist * pattern as mask without 
collapsing,accurately. In addition, also it becomes possible to 
assure further narrowing ofthe circuit pattern, with this. 

[0021] 

[Working Example(s)] You explain below, concerning exempla 
y Working Example which applies pattern formation method 
whichrelates to this invention. 

[0022] Working Example 1 

It is an example where in after developing step of photoresist c 
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oating and middleof rinse step, rinse liquid which is supplied to 
wafer it changed thethis working example, to pure water which 
adds surfactant from pure water of ambient temperaturemaking 
use of pure water which adds surfactant as final rinse liquid, 
after that, did spin drying, formed desired resist * pattern. 

[0023] Here, developing step and rinse step. It did with treat 
ment apparatus 1 which is shown consecutive treatment in the , 
drying process in Figure 1. This treatment apparatus 1 spindle * 
and said spindle 4 which are connected to stage 3 and said stag* 
3 which wafer 2 chuck are done motor 5 and thenozzle 6 for 
developer supply which turn, nozzle 7 for pure water supply of 
the ambient temperature, is constituted is something which 
from nozzle 8 for final rinse liquidsupply. In addition, 
developing cup 9 which prevents scatter of developer , pure 
water , final rinse liquid which isshaken off from on wafer 2, 
waste liquid port 10 in order to remove liquidwhere these are * 
shaken off to outside the system is provided. Furthermore , 
valve is provided respectively in eachsupply pipe ( not shown . 
) which supplies any of developer , pure water , final rinse 
liquid to each nozzle, inorder to be able to control supply 
initiation / stop of liquid to each nozzle,has done. 

[0024] And, to treat actually, following to specified pattern of 1 
inewidth 0.25 m with theKrF excimer laser stepper vis-a-vis 
wafer 2 where resist coating which beforehand, chemically 
amplifying resist material (Ti play supplied , tradename 
:XP8843) consists of on substrate was formed, after 
administering selective exposure,you kept this wafer 2, in stage 
3 of above-mentioned treatment apparatus 1 . While and, this 
wafer 2 turning with 30 rpm , when from nozzle 6 forthe 
developer supply, it supplies developer which becomes Tokyo 
Ohka Kogyo Co. Ltd. (DB 69-062-0380) supplied , tradename 
N MD - W ( tetramethyl ammonium hydroxide 2.38 % 
content) and thisdeveloper covers wafer surface, as it stops 
supply of developer, stoppingthe revolution of wafer 2, it did 
approximately 30 second development. 

[0025] After that, while wafer 2 turning with 1000 rpm , starti 
ng thesupply of pure water of ambient temperature from nozzle 
7 for pure water supply ofthe ambient temperature, you washed 
away developer. Approximately, as after 10 second, supply of 
pure water of this ambient temperatureis stopped, it started 
supplying pure water where surfactant is added asthe final rinse 
liquid from nozzle 8 for final rinse liquid supply, furthermore 
afterapproximately 10 second, supply of pure water where said 
surfactant is addedit stopped. Consequently, it increased 
rotation rate of wafer 2 to 3000 rpm,shaking off pure water 
where surfactant is added, it dried wafer 2. 

[0026] With treatment above, resist * pattern of 0.25 m cou 
Id collapse, couldform without peeling off. 
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[0027] Working Example 2 

This working example to jointly use pure water and hot pure wa 
ter of ambient temperature from themiddle of rinse step 
making use of hot pure water which is heated to the90 °C as 
final rinse liquid, after constant time jointly using, with final 
step ofthe rinse step it is an example which uses above- 
mentioned hot pure water withthe alone. 

[0028] Furthermore, in order to supply hot pure water which is 
heated to 90 °Cinstead of supplying pure water where 
surfactant is added from nozzle 8for final rinse liquid supply 
regarding this working example, other than having done, 
theprocessor which possesses constitution which is similar to 
those whichare used with Working Example 1 was used. 

[0029] After doing, and, in same way as Working Example 1 to 
developing step of the wafer 2 while wafer 2 turning with 1000 
rpm , it started supply ofthe pure water of ambient temperature 
from nozzle 7 for pure water supply of ambient temperature, 
after 10 second, it started also supply of hot pure water which 
isheated to 90 °C from nozzle 8 for final rinse liquid supply. 
While after that, continuing to supply abo ve-rnentionedhot 
pure water after approximately 2 second, stopping supply of 
pure water ofthe ambient temperature, when wafer was coverec 
with above-mentioned hot pure water ,it stopped also supply of 
said hot pure water. Consequently, rotation rate of wafer 2 was 
increased to 3000 rpm, thishot pure water was shaken off and 
wafer 2 was dried. 

[0030] With treatment above, resist * pattern of 0.25 m cou 
Id collapse, couldform without peeling off. 



[0031] Working Example 3 

This working example to jointly use pure water and ethyl alcoh 
ol of ambient temperature from themiddle of rinse step making 
use of ethyl alcohol as final rinse liquid, after the constant time 
jointly using, with final step of rinse step it is an examplewhich 
uses ethyl alcohol with alone. 

[0032] Furthermore, in order to supply ethyl alcohol instead of 
supplying thepure water where surfactant is added from nozzle 
for final rinse liquid supplyregarding this working example, 
other than having done, treatment apparatus which 
possessesthe constitution which is similar to those which are 
used with the Working Example 1 was used. 

[0033] It started also supply of ethyl alcohol and, after doing in 
sameway as Working Example 1, while turning with 1000 rpm 
starting supply ofthe pure water of ambient temperature, when 
you wash away 10 second developer, with waferas final rinse 
liquid to developing step of wafer. Approximately while 
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continuing to supply above-mentioned hot pure waterafter 2 
second, stopping supply of pure water of ambient temperature, 
whenthe wafer was covered with ethyl alcohol , it stopped also 
supply ofthe said ethyl alcohol. Consequently, rotation rate of 
wafer was increased to 3000 rpm, thisethyl alcohol was shaken 
off and wafer was dried. 

[0034] With treatment above, resist * pattern of 0.25 m cou 
Id collapse, couldform without peeling off. 

[003 5] Working Example 4 

This working example is example which uses mixed solution w] 
ch with gas phase - liquid phase equilibrium state towhich 
contact with vapor of isopropyl alcohol and pure water which 
is kepton wafer as final rinse liquid, is manufactured on said 
wafer. 

[0036] Here, developing step and rinse step. It did with treat 
ment apparatus 1 1 which is shown consecutive treatment in the 
drying process in Figure 2. This treatment apparatus 1 1, in 
order spindle 4 and said spindle 4 which are connected tothe 
stage 3 and said stage 3 which wafer 2 chuck are done motor 
5 and nozzle 6 for developer supply which turn, nozzle 7 for 
pure water supply ofthe ambient temperature, to supply vapor 
of isopropyl alcohol, nozzle 1 8 for vaporsupply, furthermore 
consists of IR lamp 20 in order to heat wafer 2. Furthermore , 
developing cup 19 makes tightly closeable container, waste 
liquid port 10 in orderto do exhaust and waste liquid is provide* 

[0037] Regarding this treatment apparatus 1 1, it can control su 
pply initiation / stop of pure water ofthe developer and 
ambient temperature furthermore, in order to be able to 
controlalso start of heating with supply initiation / stop and IR 
lamp 20 of thevapor of isopropyl alcohol from nozzle 1 8 for 
vapor supply / stop, you havedone. 

[0038] And, to treat actually, as it does in same way as Working 
Example 1 to thestep which washes away 10 second developer 
with pure water of developing step and theambient 
temperature, after that, stops supply of pure water of the said 
ambient temperature stopping revolution of wafer 2, it formed 
coating of thepure water on wafer 2. Next, as vapor of . 
isopropyl alcohol is supplied from nozzle 1 8 for vaporsupply, 
wafer 2 was heated with IR lamp 20 . 

[003 9] Mixed solution is manufactured on said wafer under gas 
hase - liquid phase equilibrium which is formedthis time, due to 
fact that contact with vapor of isopropyl alcoholand pure 
water layer which is kept on wafer. Regarding mixing system o 
isopropyl alcohol and pure water, in order under the 
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atmospheric pressure, to show minimum boiling point 8 0.1 °C 
with isopropyl alcohol 91.32 vol% , when wafer is heated 
tothe 8 0.1 °C or higher, mixed solution on wafer 2 
evaporates. 

[0040] Because of this, spin drying does not do with above-me 
ntioned operation,also water on wafer 2 evaporating, wafer 2 
dried, resist * pattern ofthe 0.25 m could collapse, could 
form without peeling off. 

[0041] Furthermore, this invention is not limited to those whic 
h are shown in theabove-mentioned Working Example. 
Regarding for example Working Example 1, it used pure water 
where surfactant which ismanufactured beforehand is added as 
final rinse liquid, but supplying pure waterof ambient"' 
temperature via whole of rinse step, it is possible from 
themiddle to add surfactant to pure water of this ambient 
temperature. As inside nozzle 7 for pure water supply of for 
' example ambient temperature or supply pipe inorder to supply 
surfactant to mid part of supply pipe which is connectedto this 
is connected, it can actualize this, by it tries to being ableto 
control-start of supply of said surfactant / stop with valve. In 
addition, final rinse liquid which is supplied with Working 
Example 2 , Working Example 3 , it is not tojointly use with 
pure water of ambient temperature in middle of rinse step, itis 
possible simultaneously with supply stoppage of pure water of 
ambient temperaturethe supply initiation to do. Furthermore, 
vacuum it does inside closed system regarding Working 
Example 4,compares azeotropic boiling point under 
atmospheric pressure and with state which is madelow, mixed 
solution it is possible to evaporate. 

[0042] 

[Effects ofthe Invention] In order to be clear from explanation 
above, when pattern formation method whichrelates to this 
invention is applied, collapse phenomenon of resist * pattern 
iscontroled, microscopic patterning of photoresist coating 
becomes possible. 

[0043] Because of this, when this invention is applied to photol 
ithography process in production processof semiconductor 
device, reliability of fine pattern formation due to excimer 
laser * lithography greatly itbecomes possible to improve. In 
addition, because even further microfabrication it becomes 
possible,contribution to trend to high integration of 
semiconductor device is very large. 



[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a schematic diagram which shows one configurai 
on example of processor which is used withthe pattern 
formation method which relates to this invention. 
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[Figure 2] It is a schematic diagram which shows other configui 
tion example of processor which is usedwith pattern formation 
method which relates to this invention. 

[Figure 3] It is a schematic oblique view which shows state whe 
pure water of ambient temperature movesbetween resist * 
pattern. 

[Figure 4] Pure water of ambient temperature being removed, it 
is a schematic oblique view which shows th estate where resist * 
pattern collapses. 

[Explanation of Reference Signs in Drawings] 
1,11 processor 

2 wafer 

3 stage 

4 spindle 

5 motor 

Nozzle for 6 developer supply 

Nozzle for pure water supply of 7 ambient temperature 

Nozzle for 8 final rinse liquid supply 

9,19 developing cup 

10 waste liquid port 

Nozzle for 18 vapor supply 

20 IR lamp 
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[Figure 1] 
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[Figure 3] 



[04] [Figure 4] 
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